To demonstrate validity, questionnaires should measure the same construct in different groups and across time. The Edinburgh Postnatal Depression Scale (EPDS) was designed as a unidimensional scale, but factor analyses of the EPDS have been equivocal, and demonstrate other structures: this may be because of sample characteristics and timing of administration. We aimed to examine the factor structure of the EPDS in pregnancy and postpartum at 4 time-points in a large population-based sample. We carried out exploratory and confirmatory factor analysis on the Avon Longitudinal Study of Parents and Children sample (n ϭ 11,195-12,166) randomly split in 2. We used data from 18 and 32 weeks pregnancy gestation; and 8 weeks and 8 months postpartum. A 3-factor solution was optimal at all time-points, showing the clearest factor structure and best model fit: Depression (4 items) accounted for 43.5-47.2% of the variance; anhedonia (2 items) 10.5-11.1%; and anxiety (3 items) 8.3-9.4% of the variance. Internal reliability of subscales was good at all time points (Cronbach's ␣s: .73-.78). The EPDS appears to measure 3 related factors of depression, anhedonia, and anxiety and has a stable structure in pregnancy and the first postnatal year.
review of the criterion ability of the EPDS to detect antenatal and postnatal depression compared against clinical interviews showed substantial variability, with sensitivity ranging from 34 to 100% and specificity from 44 to 100% (Gibson et al., 2009) .
One method of establishing validity of the EPDS to screen for depression (and possibly anxiety) is by examining its factor structure. If the same items load onto the same factors at different times, in different samples, it indicates that participants give the same meaning to items; and therefore, that the same underlying construct is being measured (Milfont & Fischer, 2010) . However, studies of the factor structure of the EPDS have been equivocal (see Table 1 ) and one, two, or three factors have been identified. There is little evidence for one factor and almost equal support for two-and three-factor solutions. The predominant two-factor model comprises anxiety and depression factors and the predominant three-factor solution includes anxiety, depression, and anhedonia factors, but there is variation within this.
The different models may reflect methodological differences. Some studies use principal components analysis (PCA) that may inflate the amount of variance accounted for by factors as compared with exploratory factor analysis (EFA; Costello & Osborne, 2015; Preacher & MacCallum, 2003) . Additionally, orthogonal rotations (for situations in which factors are not expected to correlate) are unlikely to be suitable for factor analyses of the EPDS as anxiety and depression are highly comorbid in perinatal populations (Heron, O'Connor, Evans, Golding, & Glover, 2004) . Oblique rotations that allow factors to correlate are more suitable. The decision on how many factors to retain may also have an effect on factor solutions. Factors with eigenvalues greater than one are often retained, but this can result in misleading solutions and further methods (e.g., use of the scree plot) should be used (Costello & Osborne, 2015; Velicer & Jackson, 1990) . The value of the factor loading (the correlation between the variable and the factor) that authors deem appropriate will also determine whether an item is allowed to load onto a factor, changing the final structure. Choosing higher loadings results in excluding items that would be included in studies using a lower cut-off. Sample size and characteristics will also affect factor structure. Of the previous studies, almost half had a sample size smaller than 250. At least 300 is considered "good" for factor analysis according to Comrey and Lee (1992) ; however, multiple contested criteria exist concerning absolute sample size or ratio of subjects to variables suitable for factor analysis (MacCallum, Widaman, Zhang, & Hong, 1999) . Concerning the perinatal period, the factor structure of the EPDS needs to be tested in both pregnancy and the postnatal period to show that the structure is the same (shows configural invariance) and therefore, that the construct being measured is conceived in the same way. This study aimed to overcome some methodological shortcomings outlined above and address the following questions:
1. Is the factor structure of the EPDS the same in the 2nd and 3rd trimesters of pregnancy and at 8 weeks and 8 months postnatally in a population-based sample (i.e., does it show configural invariance)?
2. Do previous factor models of the EPDS hold in a large population-based sample? If not, which factor solution(s) provide the best fit to the data?
Method Sample
The sample consisted of participants from the Avon Longitudinal Study of Parents and Children (ALSPAC), an ongoing population-based study established to evaluate genetic and environmental influences on health and development of mothers and children . All women living in the Avon area of southwest England who were pregnant with an expected delivery date between 1 April 1991 and 31 December 1992 were eligible for enrolment. The initial number of women enrolled who had returned at least one questionnaire was 14,451. The sample has been described in full elsewhere Fraser et al., 2013) . Please note that the study website contains details of all the data that is available through a fully searchable data dictionary (http://www.bris.ac.uk/alspac/researchers/data-access/ data-dictionary). Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees.
The current analyses were limited to mothers who had completed the EPDS fully at least at one time point during gestation and the first year after giving birth: EPDS data from 18 weeks gestation (N ϭ 12,166), 32 weeks gestation (N ϭ 12,110), 8 weeks postnatally (N ϭ 11,710), and 8 months postnatally (N ϭ 11,195) were used. Heron et al. (2004) found that women with mental health problems were less likely to return questionnaires at each time-point than women without self-reported anxiety or depression, although this bias was modest. A comparison of ALSPAC mothers with both Avon and United Kingdom mothers with infants under one using the ALSPAC 8 months postnatal data and the 1991 census showed that ALSPAC mothers were more likely to: be White, live in owner-occupied accommodation, be married, and have a car in the household .
The initial sample was randomly divided by ID code into two groups. Sample one was used to generate the factor structure. As we only included participants who had fully completed the EPDS, and this differed at each time point, its n ranged from 5,551-5,988. Sample two (n ϭ 5,688 -6,256) was used to cross-validate the results and test competing factor structures identified in previous research.
Measures
The EPDS includes 10 items each scored on a 0 -3 Likert scale; thus, total scores can range from 0 -30 with higher total scores indicating higher frequency or severity of symptoms. Full item wording is given in Table 4 . For brevity, items are referred to in the text as: (1) laugh; (2) enjoyment; (3) self-blame; (4) anxious; (5) scared; (6) things getting on top of me; (7) sleep; (8) sad; (9) crying; and (10) self-harm. Items 1, 2, and 4 are reverse-scored. Items 1 and 2 are worded positively with a response scale ordered from agree (scores 0) to disagree (3); item 4 is worded negatively with a response scale ordered from disagree (0) to agree (3); all other items are negatively worded with a response scale ordered from agree (3) to disagree (0). Cox et al., (1987) suggested scores of 13 and above indicate that the mother is likely to be experiencing depressive illness; Murray and Carothers (1990) found that this cut-off predicted women with clinical depression in the postnatal period based on diagnostic criteria. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Statistical Analysis Exploratory Factor Analysis (EFA).
To test the number of factors and factor structure in the antenatal and postnatal periods, we conducted multiple EFAs of the 10 items, forcing one-, two-, and three-factor solutions at each of the four time-points, with the first half of the sample, using maximum likelihood extraction. Multiple solutions were run as previous studies of the EPDS did not provide a definitive factor structure. As it was expected that factors would correlate, an oblique rotation (direct oblimin) was used. Eigenvalues, scree plots, and amount of variance explained were examined to determine number of factors to be retained. Traditionally factors with eigenvalues greater than one are retained (Kaiser, 1960) , but many consider that this is likely to result in an incorrect solution and that the scree plot should also be examined (Cattell, 1966; Velicer & Jackson, 1990) . A meaningful factor solution needs to explain at least 50% of the variance (Streiner, 1994 ). An item loading significantly on a factor was determined by a loading of Ն.3 (Tabachnick & Fidell, 2012) . All resulting solutions were examined for the clearest factor structure: that is, with items loading highly on only one factor and with few crossloadings. Data were analyzed using IBM SPSS Statistics 20.
Confirmatory Factor Analysis (CFA). We conducted CFAs using AMOS version 21 (Arbuckle, 2012) on the second half of the sample. Four models including all 10 items of the EPDS were tested:
1. The three-factor model which was found to have the clearest factor structure in the EFA. 4. The one-dimensional original factor structure proposed by Cox et al., (1987) and found by Berle, Aarre, Mykletun, Dahl, and Holsten (2003) .
Three-factor models with item 10 [self-harm] comprising its own factor have been suggested (Brouwers, van Baar, & Pop, 2001; Ross et al., 2003 ) but as it is not possible to estimate a latent variable from one indicator, the two-factor solutions (2 and 3) above were tested.
Additional models from previously published research were also run but are not reported as model fit was poorer than all the models which have been reported. Fit indices for these models are available in the online supplementary material.
The maximum likelihood (ML) estimation procedure was used based on its modeling performance with nonnormal data and potentially mis-specified models (Olsson, Foss, Troye, & Howell, 2000) . Although different estimation methods may be more suitable for categorical data with few categories, as the present data have four categories, ML was deemed appropriate (Byrne, 2010; Green, Akey, Fleming, Hershberger, & Marquis, 1997) . In all models, independence of error terms was specified for all variables; factors (if more than one) were allowed to correlate; each observed variable loaded on only one factor and no post hoc model fitting (by correlating error terms or cross-loading items) was conducted in order not to overfit the model (Manian, Schmidt, Bornstein, & Martinez, 2013) . Missing data were dealt with using the Full Information Maximum Likelihood (FIML) procedure in AMOS. Multiple goodness-of-fit indices were used to assess the models. These were the model 2 test of exact fit, the comparative fit index (CFI), the root mean squared error of approximation (RMSEA), Tucker-Lewis index (TLI), parsimony normed comparative fit index (PCFI), and Akaike Information Criterion (AIC); optimal values for each index are given below Table 5 to aid interpretation. The model 2 is sensitive to correlations and sample size; however it is reported for comprehensiveness. Each fit index indicates one aspect of model fit only, thus multiple fit indices have been considered (Cheung & Rensvold, 2002; Kline, 2005) .
Results
EPDS Scores
No statistically significant differences were found between Samples 1 and 2 on EPDS total scores at any time point (p values ranged from .50 -.86); thus, EPDS item and total scores are shown for the entire data set.
At both antenatal time-points the median EPDS score was 6 and the IQR 3-10 (18 week gestation range: 0 -29, 32 week gestation range: 0 -30). At 18 weeks gestation M ϭ 7.00, 32 week gestation M ϭ 7.07. At 18 weeks 13.9% of women scored 13 or above and could be considered to be suffering from depressive illness. At 32 weeks this increased to 15.2%.
Postnatally, the median EPDS score was 5 at 8 weeks (IQR 2-9, range 0 -28; M ϭ 6.06) and 10.1% scored 13 or above; at 8 months the median was 4 (IQR 2-8, range 0 -29; M ϭ 5.41) and 8.8% scored 13 or above.
Item means and SDs are given in 
Exploratory Factor Analysis
Suitability. The data set was suitable for factor analysis: the Kaiser-Meyer-Olkin Measure of Sampling Adequacy statistic ranged from 0.886 -0.896 across time-points indicating compact patterns of correlations (possible range 0 -1 with Ն0.5 considered appropriate for factor analysis; Tabachnick & Fidell, 2012) . Bartlett's test of sphericity was significant (p Ͻ .001 at all time-points) indicating there were sufficient relationships within the data to be appropriate for factor analysis. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Factor solutions. The factor structure was stable across antenatal and postnatal time points. At all time-points one factor accounted for a large proportion of the variance, followed by two further components with Eigenvalues near to 1 (see Table 3 ). The scree plots showed that two or three factors may be appropriately retained; both are reported here and subsequently were tested in the confirmatory factor analysis.
Two-factor solution. Results revealed two components with Eigenvalues Ͼ1. The first Eigenvalue ranged from 4.35-4.72 and represented a factor consisting of items 3-10 that could be considered "general distress" or combined anxiety and depression. The second Eigenvalue ranged from 1.05-1.11 across time-points and comprised items 1 and 2 that describe a loss of pleasure or anhedonia. At each time point the two factors combined explained 54.6 -57.7% of the variance. Item 10 [self-harm] consistently showed the lowest factor loading, and loaded below the cut-off of .3 at Time 1. The two factors correlated between .55-.59 at each time point.
Internal reliability of the general distress factor was very good at all time-points (Cronbach's ␣ values ranged from .83-.85; Kline, 2005 ) and Pearson's correlations between items 1 [laugh] and 2 [enjoyment] (the "anhedonia" factor) ranged from .57-.67.
Three-factor solution. A third factor with an Eigenvalue of 0.83-0.94 increased the amount of variance explained to 64.00 -66.09% at different time-points (see Table 3 loaded slightly more highly (.63-.67) on the general distress factor in the two-factor solution (as compared with .55-.62 on the anxiety factor in the three-factor solution). Item 6 [things getting on top of me] was complex, loading more highly on the anxiety factor (.36 -.41) at all time-points in the three-factor solution but loadings were only slightly lower on the depression factor (.30 -.35). It loaded more strongly (.64 -.68) on the general distress factor in the two-factor solution. Table 4 shows factor loadings at each time-point for this factor structure.
Internal reliability was good: Cronbach's ␣s for the anxiety factor ranged from .77-.78 and from .73-.78 for the depression factor, although this increased to .78 -.82 if item 10 was removed. Item-total correlations were all Ͼ.3 except for item 10 [self-harm] that correlated with the total scale at .28 at 18 week's gestation. Correlations between depression and anhedonia factors ranged Table 5 shows the factor models tested and their fit indices. The model 2 was significant for all models indicating a large proportion of the variance was left unexplained by each model, although this is to be expected with a large sample (Kline, 2005) . Including all 10 items, the current three-factor model found in the EFA showed the best fit index values at each time point. The difference in 2 values of the three-factor model compared with the next best-fitting model was significant at all time-points (ps Ͻ .001) providing an indication that the three-factor model best fit the data. The change in AIC value of each model relative to the minimum AIC value (given by the three-factor model) was Ͼ10 indicating substantial evidence for the three-factor model (Burnham & Anderson, 2002) . Details of this model at time-point 3 (8 weeks postnatal) are shown in Figure 1 . The 8 weeks postnatal time point is illustrated as this is likely to be when most mothers fill in the EPDS for assessment purposes in practice in the United Kingdom.
One of the six fit indices (PCFI) suggested that the two-factor anhedonia/general distress model best fit the data but RMSEA and TLI values were outside the range for good model fit for this model and other fit indices also were poorer. The PCFI values were low, indicating poor fit, for all models. After the three-factor model, the anhedonia/general distress model showed the next best fit for all other fit indices, followed by variations of the depression/ anxiety model. The poorest fit of the data was given by the original unidimensional model of the EPDS.
Discussion
This study aimed to clarify the structure of the EPDS in a population-based sample in pregnancy and the first postnatal year in the light of previous variability in factor models. It provides the first test of measurement invariance of the EPDS, showing that configural invariance between antenatal and postnatal groups exists in a United Kingdom population-based sample. That is, at each time point the 10 items formed into the same number of factors, with the same items associated with each factor, indicating that antenatal and postnatal women conceptualize the constructs being measured by the EPDS in the same way (Cheung & Rensvold, 2002; Meredith, 1993) . The EFAs and the CFAs implied that at all time-points a three-factor solution was optimal, comprising depression (items 7-10), anhedonia (items 1 and 2) and anxiety (items 3-6); and that the magnitude of factor loadings was similar across all time-points.
The factor structure in the present study was consistent with some other studies (EFA in Cunningham, Brown, & Page, 2015; Pop, Komproe, & van Son, 1992; Zhong et al., 2014) or similar (Lee King, 2012; Kubota et al., 2014; Reichenheim, Moraes, Oliveira, & Lobato, 2011; Tuohy & McVey, 2008) . All but two of these papers had sample sizes over 400 that may suggest that as the pattern of correlations becomes more stable, items one (laugh) and two (enjoyment) separate out into a separate factor of anhedonia. The mean and median EPDS score in this sample was also comparable with studies that found the anhedonia factor. Furthermore, in our analysis the anhedonia factor explained more variance than T1  T2  T3  T4  T1  T2  T3  T4  T1  T2  T3 This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the established anxiety factor, indicating that this factor is equally valid for future research. The division of items into depression and anhedonia factors, explaining more variance than anxiety, could be clinically meaningful. First, it may provide a more accurate assessment of the depressive symptomology of postnatal depression (Chabrol & Teissedre, 2004) . Green (1998) used the term perinatal "dysphoria" to describe poor perinatal wellbeing with combined depression and anxiety symptoms. Anxiety and depression are also highly comorbid in the perinatal period (Heron et al., 2004; Ross et al., 2003) . Kwan et al. (2015) found that items one [laugh] and two [enjoyment] were good indicators of severity of dysphoria as it required greater dysphoria to endorse those items. Thus, consideration of responses to these two items may be useful to demonstrate the severity of combined perinatal anxiety and depression. However, it must be noted that items one [laugh] and two [enjoyment] are the only positively worded items of the EPDS and this may confound the character of anhedonia with the way in which respondents answer (Goodchild, Treharne, Platts, & Booth, 2005) . It has been suggested that these items may be interpreted either in the context of depression/anhedonia (as presumably the authors of the scale intended), or in the context of well-being, as the only positively worded items (Cunningham et al., 2015) . Another possible explanation for the existence of the anhedonia factor is that positively worded items are known to form a separate factor to negatively worded items and can alter the structure of a measure artificially (Mook, Kleijn, & Van der Ploeg, 1991; Tomas & Oliver, 1999) . Items 1 [laugh] and 2 [enjoyment] are also both reverse-scored (i.e., a high score indicates the opposite of depression, and a reverse-transformation is applied when scoring) and it is common for reversed items to cluster together (Carlson et al., 2011; Dunbar, Ford, Hunt, & Der, 2000) . These two items also had low means and SDs compared with most items indicating high levels of agreement with these items. After items 1 and 2 on the EPDS, the response scale and valence of items changes, which may be confusing to respondents, as has been shown on other scales with items with mixed polarities (Dunbar et al., 2000) . Further research is needed to ascertain whether the anhedonia factor is substantively meaningful or because of scale construction. It is also recognized that factors with at least three items are usually considered desirable, although the large sample size in this study may help compensate for the inclusion of two items on the anhedonia scale (Marsh, Hau, Balla, & Grayson, 1998) .
If it is supposed that the anhedonia factor is meaningful, the distinction between depression and anhedonia is not yet well understood in perinatal populations. The little existing research has shown that prevalence of, and risk factors for, postnatal depressed mood and anhedonia differ across race and ethnicity (Liu & Tronick, 2014) . In the field of psycho-cardiology anhedonia has been related to poor cardiovascular outcomes while depressed mood has not (Davidson et al., 2010) . Therefore, careful enquiry into these two specific symptom profiles may be an important direction in perinatal research in predicting future mental and other health problems (Truijens et al., 2014) . Although Bina and Harrington (2016) found that anhedonia and depression factors correlated at .84 limiting the discriminant validity of these factors individually (a cut-off of .85 is commonly used as problematic for discriminant reliability (Brown, 2015) , in this study the correlations between factors were appropriate for retaining them individually. Correlations were higher between anxiety and depression than between anhedonia and depression, providing tentative evidence for the concept of dysphoria. The magnitude of correlations also fits with the tripartite model of anxiety and depression in (Kline, 2005) .
e PCFI values closer to 1 indicate better model fit. f The model with the smallest AIC is the one with relatively better fit (Kline, 2005) . TLI and CFI are most stable with reference to the number of variables and sample size (Cheung & Rensvold, 2002 ). The best model fit indices for a ten-item solution are indicated in bold. EPDS ϭ Edinburgh Postnatal Depression Scale; CFA ϭ Confirmatory Factor Analysis; CFI ϭ comparative fit index; RMSEA ϭ root mean squared error of approximation; TLI ϭ Tucker-Lewis index; PCFI ϭ parsimony normed comparative fit index; and AIC ϭ Akaike Information Criterion; CI ϭ confidence interval. This document is copyrighted by the American Psychological Association or one of its allied publishers.
which both anxious and depressive moods can only be partially differentiated (Clark & Watson, 1991) . A few items were problematic in the analyses. In the EFA item six [things getting on top of me] consistently cross-loaded with low-loadings on both depression and anxiety factors. This is in line with previous research which has found low loadings or crossloadings for this item on depression, anhedonia, and/or anxiety factors (Bina & Harrington, 2016; Brouwers et al., 2001; Hartley, Barroso, Rey, Pettit, & Bagner, 2014; Jomeen & Martin, 2005 Odalovic, Tadic, Lakic, Nordeng, & Lupattelli, 2015; Reichenheim et al., 2011; Ross et al., 2003; Swalm, Brooks, Doherty, Nathan, & Jacques, 2010; Tuohy & McVey, 2008) . When item six has been included in final factor solutions, some have included it in depression and others in anxiety factors, indicating that this item is not useful in discriminating either disorder. It could be argued that the wording of this item; "Things have been getting on top of me" is open to interpretation and does not have face validity suggestive of either depression or anxiety.
Considering the depression items, item 10 [self-harm] showed the lowest loadings (0.29 -0.37) on any factor as may be expected for an item about self-harm but it clearly fit with depression rather than as an item on its own. Although the low loading may be statistically displeasing, our approach included all items of the EPDS in the model to examine the symptom structure of the scale as it is used in practice. We have included item 10 as it is likely to be a clinically useful item when a score of one or more can be used as an independent screen for women who need immediate referral (Kwan et al., 2015; Lindahl et al., 2005) . Item seven [I have been so unhappy that I have had difficulty sleeping] also had consistently relatively low loadings (0.45-0.57 in the EFA) in line with a number of previous studies that have omitted it (Bowen et al., 2008; Hartley et al., 2014; Jomeen & Martin, 2007; Ross et al., 2003; Swalm et al., 2010; Toreki et al., 2014) . Thus, items 8 [sad] and 9 [crying] were the most indicative of the depression factor in this study.
The large population-based sample is a strength of this study but the extent to which results are applicable to specific populations cannot be determined. For example, in contrast to our results, Cunningham et al. (2015) did not find longitudinal measurement invariance in their study of the EPDS at two time points in the postpartum with their factor structures differing by severity of EPDS scores. An interesting find was that when EPDS scores were lower, and more comparable with this study, the factor structure was exactly the same as in this study. Our study does not allow for conclusions about the appropriateness of using total or subscale scores. Women with mental health problems may also be underrepresented because of attrition in the ALSPAC sample.
The results suggest that the EPDS could continue to be used as a screen to suggest women for further psychological assessment as raw total scores may be indicative of depression, anxiety or anhedonia. In research the use of total scores is more problematicassertions that a particular cut-off score indicates postnatal depression may either miss out or wrongly classify women with anhedonia, anxiety, and/or depression. Further research testing subsequent steps of measurement invariance to enable true comparisons between antenatal and postnatal women on the EPDS is also needed before true comparisons can be made between these groups. Qualitative research with ante-and postnatal women to ensure content validity, particularly of items 1 [laugh], 2 [enjoyment], and 6 [things getting on top of me] would be useful, as would the use of modern measurement techniques including item response theory to provide further evidence for removal of problematic items, and to elucidate which items on the EPDS are most useful at differentiating clinical groups would be beneficial.
Brief, valid instruments for assessment of postnatal mental health are needed. The EPDS appears to measure anhedonia, depression and anxiety and could be continued to be used to screen for these mental health problems. Further research is needed to investigate the validity of a separate anhedonia scale. There is also scope to refine this widely used scale by removing items that do not discriminate well and adding items that can indicate further mental health problems in the perinatal period, for example, bipolar disorder and posttraumatic stress as well as disorders specific to the childbearing period that do not have a psychiatric classification, such as fear of childbirth (tokophobia), bonding disorders, and maternally focused worry disorder. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
